Background/Aims: Human papillomavirus (HPV) is an etiological risk factor for a subset of head and neck squamous cell carcinomas. HPV has been proven to be a powerful prognostic biomarker for oropharyngeal cancer, but its role in the larynx has not been explored in depth. Here, we sought to evaluate the prevalence and genotype distribution of HPV in patients with laryngeal squamous cell carcinoma (LSCC) in northeast China. Methods: HPV DNA in specimens from 211 patients diagnosed with LSCC was analyzed by the polymerase chain reaction and in situ hybridization, and p16 overexpression was evaluated by immunohistochemistry. p16 expression was scored positive if strong and diffuse nuclear and cytoplasmic staining was present in >75% of tumor cells. Results: In this study, infection with HPV and p16 expression were not absolutely consistent. Among all patients, 132 (62.6%) were positive for HPV DNA (HPV+), while 23 (10.9%) were inconsistent for HPV and p16. Multivariate analysis indicated that HPV, but not p16, is an independent prognostic factor for overall survival in LSCC. Overall survival was significantly improved in HPV+ LSCC patients compared with the HPV-negative group (hazard ratio, 0.395; 95% confidence interval, 0.185-0.843; p = 0.016). Among the 132 HPV+ patients, 28 (21.2%) were HPV-16 single infection. Conclusion: This study indicates that HPV DNA is a more reliable surrogate marker than p16 for the prediction of survival in patients with LSCC.
Prevalence and Prognostic Significance of HPV in Laryngeal Squamous Cell Carcinoma in Northeast China

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide and arises in different anatomical regions, including the oral cavity, oropharynx, hypopharynx, and larynx [1] . Human papillomavirus (HPV) has been recognized as an etiological risk factor for a subset of HNSCC, especially oropharyngeal squamous cell carcinoma (OPSCC). The prevalence of HPV in OPSCC is approximately 60% [2] . It has been well accepted that OPSCC can be divided into HPV-positive (HPV+) and HPV-negative (HPV−) tumors. HPV+ OPSCC is unique in its pathogenesis, epidemiology, and clinical features [3] . Individuals with HPV+ OPSCC have a strikingly improved prognosis compared with HPV− OPSCC patients, with a 20-80% reduction in the risk of death [4, 5] .
In HPV+ tumors, E6/E7 oncogene activity leads to p53 (TP53) and retinoblastoma 1 inactivation and p16
INK4A (p16) upregulation [6] [7] [8] . p16 is considered a reliable surrogate marker for HPV+ tumors. Previous studies have indicated that p16 upregulation can be used as a prognostic biomarker in OPSCC [4, 9] . Laryngeal squamous cell carcinoma (LSCC) is the second most common malignancy of HNSCC with an incidence of >151, 000 cases/year worldwide [10, 11] . HPV-associated HNSCC has been fully evaluated in the United States, Sweden, and other countries. In Europe, the prevalence of HPV in HNSCC is 28.2%, and 47% of cases with HNSCC are HPV+ in North America [12] [13] [14] . However, only a few studies have examined HPV-associated HNSCC in China [15] . Numerous studies have focused on HPV and p16 in OPSCC, while very few studies have addressed LSCC [16] [17] [18] .
In this study, we analyzed the status of HPV infection and p16 expression in patients with LSCC. Tissue samples were collected in Heilongjiang Province in northeast China. We evaluated the prevalence, clinical features, and prognosis of HPV-related LSCC, and determined whether HPV or p16 could serve as surrogate markers for the prognosis of LSCC.
Materials and Methods
Patients and tissue samples
A total of 211 patients diagnosed with LSCC treated with surgery were admitted to the Third Affiliated Hospital of Harbin Medical University. All patients and their families provided written informed consent regarding this study, and ethical approval for the study was obtained from the Ethics Committee of Harbin Medical University.
Clinical information and patient outcomes were obtained from medical records. The patients were treated with radiotherapy with or without chemotherapy according to national guidelines. The curative radiotherapy fractionated regimen consisted of 60 Gy in 6 fractions per week. Information including sex, age, history of smoking and alcohol use, tumor location, tumor, node, metastasis (TNM) stage, and treatment regimen was collected for each patient. TNM stage was defined according to the American Joint Committee on Cancer staging system. Tumor differentiation was scored on an ordinal scale as well as moderate or poor differentiation according to the hierarchy of tumor cell differentiation.
Tumor specimens were collected during surgery, and one representative paraffin block was selected for each patient. Eight 5-µm-thick paraffin sections were used for HPV polymerase chain reaction (PCR) and typing, and three 3-µm-thick serial sections were used for hematoxylin and eosin staining, immunohistochemistry (IHC) of p16, and in situ hybridization (ISH) of HPV DNA. In order to avoid crosscontamination, the microtome was cleaned with a disposable tissue soaked in 70% ethanol before and after each block was sectioned. In addition, the blade was changed before a new paraffin block was sectioned. The sections were transferred to a sterile 1.5-mL Eppendorf tube with tweezers, which were then cleaned with a disposable tissue soaked in 70% ethanol. After each tenth LSCC block, 7 sections were taken from a mouse tissue block as a negative control.
HPV PCR and typing
Genomic DNA was extracted from tissue samples using a TIANamp FFPE DNA Kit (Tiangen, Beijing, China). DNA concentration was determined using a NanoDrop 2000C spectrophotometer (Thermo Scientific, Waltham, MA). Human globin DNA was amplified by PCR using β-globin primers. To increase the sensitivity of HPV detection, HPV DNA was amplified by nested PCR using MY09/11 and GP5+/6+ primers with the following sequences: MY09: 5′-CGTCCMARRGGAWACTGATC-3′, MY11: 5′-GCMCAGGGWCATAAYAATGG-3′; GP5+: 5′-TTTGTTACTGTGGTAGATACTA-3′, GP6+: 5′-GAAAAATAACTGTAAATCATTTC-3′. This technique can identify low copy numbers of a broad range of both low-risk and high-risk HPV. PCR amplification was performed as follows: initial denaturation at 95 °C for 5 min; 40 cycles of denaturation at 95 °C for 1 min, annealing at 55 °C for 1 min, and extension at 72 °C for 1 min; and final extension at 72 °C for 4 min. The PCR product was then used as a template for the second PCR. Cervical squamous cell carcinoma with HPV infection was used as a positive control, and ddH 2 O was used as a negative control. The final PCR products were separated by electrophoresis through 1.5% agarose gels. HPV DNA+ samples were characterized according to HPV genotype. HPV genotypes, including high-risk (HPV-16, -18, -13, and -58) and low-risk (HPV-11), were determined by amplicon hybridization analysis (Hybribio Biotechnology Limited Corp., Chaozhou, China).
p16 IHC
IHC was performed using a monoclonal antibody against p16
INK4a (ZM-0205; ZSGB-BIO, China) according to a previously published protocol [19] . Briefly, formalin-fixed, paraffin-embedded tumor tissue specimens were deparaffinized. Heat-induced antigen retrieval was performed in Tris-EDTA (pH 9.0; Dako, Denmark) according to the manufacturer's recommendations. Subsequent sample processing was carried out using the Dako Envision-System. Cervical squamous cell carcinoma with high p16 expression was used as a positive control, and omission of the primary antibody was used as a negative control. A specimen was judged to be p16-positive (p16+) if nuclear and cytoplasmic signals were detected in >75% of tumor cells. Representative images for p16 IHC are shown in Fig. 1A .
HPV DNA ISH DNA ISH was performed using HPV III family 16 probes (TIB, Xiamen, China) that detect HPV-16, -18, -31,-33, -35, -39, -45, -51, -52, -58, -59, -68, and -70. HPV DNA ISH was performed on 3-µm-thick tissue sections. After deparaffinization and rehydration, the sections were incubated in 0.8% pepsin at 37 °C for 5-10 min and then treated with proteinase at room temperature for 5 min. The sections were immersed in 0.3% H 2 O 2 (in methanol) for 20 min, denatured, and hybridized overnight at 37 °C. Hybridized probes were detected using diaminobenzidine.
The Cancer Genome Atlas and Gene Expression Omnibus data
Clinical data on 6 HPV+ and 20 HPV− LSCC patients were downloaded from The Cancer Genome Atlas (TCGA) (https://cancergenome.nih.gov). One additional, independent dataset (GSE65858) containing HPV DNA/RNA status and survival data was obtained from the Gene Expression Omnibus (GEO) (https://www. ncbi.nlm.nih.gov/gds/), including 3 HPV+ and 45 HPV− LSCC cases. A total of 74 samples that contained clinical characteristics, survival information, and HPV status were included in this study. Due to the small number of HPV+ LSCC cases, we combined TCGA and GEO LSCC data to investigate the relationship between HPV DNA/RNA and clinical outcome. 
Statistical analysis
Overall survival was determined from the date of diagnosis to the date of death (due to any cause), or to the end of the follow-up period (December 31, 2016). Overall survival probability was determined from a Kaplan-Meier curve, and comparisons were made using log-rank tests. The Cox regression model was used to evaluate the impact of various factors on overall survival by multivariate analysis. All statistical analyses were two-sided and performed using IBM SPSS statistics software version 16 (SPSS Inc., Chicago, IL). Differences were considered statistically significant for a P-value ≤ 0.05.
Results
Characteristics of LSCC patients stratified by p16 and HPV status
LSCC patient samples were tested by p16 IHC (Fig. 1A) , HPV PCR, and HPV DNA ISH (Fig. 1B) . p16+ signals appeared as strong and diffuse nuclear and cytoplasmic staining in tumor cells. ISH+ signals appeared strong and punctate in tumor cell nuclei. Among the 211 LSCC patients, 132 (62.6%) were HPV+ by PCR analysis; of these, 131 were also HPV+ by ISH assay. Of the 211 patient specimens tested, 115 (54%) were positive for p16 by IHC analysis. p16 expression was strongly associated with HPV status (97.39% in HPV+ samples vs. 2.61% in HPV− samples, P < 0.001) ( Table 1 ).
The characteristics of LSCC patients are listed in Table 2 . The median age was 58 years (range 37-80). Most were males (85.8%) with early stage disease (stage I or II) at diagnosis. On the basis of p16 expression or HPV status, the patients were divided into p16+/p16− and HPV+/HPV− groups. p16+ patients were significantly older than p16− patients (88.70% vs. 77.08%, respectively, P = 0.038). HPV+ patients were slightly, but not significantly, older than HPV− patients (86.36% vs. 78.48%, respectively, P = 0.194). p16+ patients tended to have longer smoking histories (>20 years) than p16− cases (71.30% vs. 58.33%, respectively, P = 0.127); this trend was less marked for HPV+ patients compared with HPV− patients (66.63% vs 63.29%, respectively, P = 0.873). p16+ LSCC was more likely to present as a well differentiated lesion compared with p16− LSCC (50.43% vs. 46.88%, respectively, P = 0.002), while HPV+ LSCC more frequently presented as a moderately differentiated lesion compared with HPV− LSCC (45.45% vs. 27.85%, respectively, P = 0.021). p16+ LSCC presented more often as a glottic lesion compared with p16− LSCC (36.52% vs. 17.71%, respectively, P = 0.010), and a similar trend was observed between the HPV+ and HPV− groups (33.33% vs. 18.99%, respectively, P = 0.080). There was no significant difference between the p16+/p16− or HPV+/HPV− groups with regard to sex, alcohol use, T classification, node status, or TNM stage.
Single and multiple HPV infections
The 132 HPV+ patient samples were all positive for HPV-16. Of these, 28 samples showed multiple HPV infections. Patients with a single HPV infection tended to have longer (>20 years) smoking histories (70.20% vs. 53.57%, respectively, P = 0.123) and alcohol use (38.46% vs. 10.71%, respectively, P = 0.007) compared with patients with multiple HPV infections. LSCC with a single HPV infection presented more frequently with lymph node metastasis (35.58% vs. 14.29%, respectively, P = 0.053) and advanced TNM stage (44.23% vs. 21.43%, respectively, P = 0.048) compared with LSCC with multiple HPV infections ( Table 3) .
On the basis of tumor origin, LSCCs were subdivided into supraglottic, glottic, and subglottic types. The association between HPV genotype and tumor location was analyzed thoroughly (Table 4) . HPV-16 (53.03%) was most frequently present in supraglottic-type tumors. while HPV-18 (46.43%) was mainly present in glottic-type tumors.
Overall survival for LSCC patients
On the basis of Kaplan-Meier curves, we examined overall survival for LSCC patients stratified according to p16, HPV, and infection status (Fig. 2) . Although p16+ patients appeared to exhibit better survival compared with p16− patients, log-rank tests indicated no significant difference (P = 0.1443) (Fig. 2A) . HPV+ patients exhibited a significantly better overall outcome than HPV− patients (P = 0.0136) (Fig. 2B) . Patients with a single HPV infection tended to have a better survival outcome than those with multiple HPV infections, though this difference was not statistically significant (P = 0.1190) (Fig. 2C) .
Multivariable logistic regression analysis was performed for overall survival to eliminate potential confounding effects for HPV, p16, and other independent factors ( Table 5 ). The results indicated that HPV status tended to be an independent and significant prognostic factor in predicting overall survival for patients with LSCC (hazard ratio [HR], 0.395; 95% confidence interval [CI], 0.185-0.843; P = 0.016). By contrast, p16 
TCGA and GEO data analysis
The LSCC cohort from TCGA and GEO datasets was also used to investigate the relationship between HPV/p16 and clinical outcome. The data showed that p16 expression was strongly associated with HPV infection (62.50% in HPV+ tumors vs. 37.50% in HPV− tumors, P < 0.01) ( Table 6 ).
The demographic and clinical characteristics of patients with LSCC are presented in Table 7 . All samples with comprehensive information (n = 74) were included in our analysis. The average age was 62 years (range 41-83). The majority of patients were male and exhibited advanced disease (stage III or IV) at diagnosis with a history of smoking. We analyzed the patients based on HPV status. HPV+ patients tended to be slightly younger than HPV− patients (11.11% vs. 9.230%, respectively, P = 0.669). HPV+ patients tended to present more frequently with an N1-N2 classification compared with HPV− patients (66.67% vs. 47.69%, respectively, P = 0.447). There was no significant correlation of HPV status with age, smoking, or alcohol use.
The overall survival of LSCC patients stratified by HPV status was assessed using Kaplan-Meier analysis. HPV+ patients exhibiting better overall survival than HPV− patients (Fig. 3A) , but the difference was not statistically significant (P = 0.7515).
In order to confirm the reliability of our finding on HPV status and prognosis, the clinical and survival data of patients with HNSCC from the GEO dataset were analyzed. Kaplan-Meier analysis showed that HPV+ patients exhibited better overall survival than HPV− patients (P = 0.0091) (Fig. 3B) . In addition, HPV RNA+ patients showed a significantly better outcome than HPV RNA-patients (P = 0.0173) (Fig. 3C ).
Discussion
In this study, we investigated whether HPV status correlated with the survival of LSCC patients. The presence of HPV DNA in tumor tissue samples was determined by PCR and ISH. The combination of these two approaches detects HPV infection more reliably than either method alone, with 97% sensitivity 
Tong et al.: Prognostic Significance of HPC in Laryngeal Cancer
and 94% specificity [20] . HPV infection status and p16 expression were evaluated in 211 LSCC patients from northeast China; 62.6% of patients were HPV+, a higher incidence than reported in a previous study that detected HPV DNA in 51% of LSCC patients in northeast China [21] . A recent comprehensive review showed that the prevalence of HPV in LSCC varied from 0% to 85% [22] . This variability may reflect the use of different detection techniques, different detection criteria, and different sampling procedures (biopsy, formalin fixation, or tissue freezing) as well as racial differences and regional variations [23] [24] [25] . D'Souza et al.
found that the prevalence of HPV was different among all racial groups [26] . Previous studies showed that HPV infection is strongly correlated with p16 overexpression in LSCC [4] . We found that the majority of our LSCC HPV+ samples were p16+, and this was also true of the LSCC cohort from TCGA and GEO datasets. The molecular mechanisms underlying HPV-associated tumorigenesis, namely, abrogation of p53 and pRB by the E6 and E7 oncogenes, respectively, are well-known, as is the associated overexpression of p16. In our study, 3.8% of p16+ patients were HPV−, which could be attributed to other genetic perturbations. Rietbergen et al. found that alterations to host cell genes could lead to p16 overexpression in HPV− patients with oropharyngeal carcinoma [27] .
We found a significantly higher proportion of p16 overexpression among patients with longer (>20 years) smoking histories. This result differs from other reports showing little tobacco exposure among p16+ HNSCC patients [28] . However, more recent studies demonstrated that tobacco increases the risk of HPV infection as well as p16 overexpression. It is known that high levels of nicotine can greatly affect immunity. Nicotine can impair antigen-mediated signal transduction and induce T cell anergy. The exposure duration and concentration of nicotine may account for its immunosuppressive and anti-inflammatory properties [29] . Thus, patients with longer tobacco exposure may be more susceptible to HPV infection.
We observed that HPV+ tumors tended to present as moderately differentiated lesions, while HPV− tumors were more differentiated, which is consistent with previous studies [4] . We also observed an association between HPV infection and tumor location. The frequency of HPV infection was higher in glottic tumors than in tumors in other locations. Zetels et al. observed that glottic lesions were often exophytic and not deeply invasive, similar to OPSCC. Glottic cancer is morphologically similar to benign recurrent respiratory papillomatosis [30] . The route of HPV infection may account for the observed histological similarities with OPSCC.
As patients with p16+ or HPV+ OPSCC reportedly have a better prognosis, we investigated whether this was also true in LSCC patients. We found that HPV+ patients had significantly better overall survival than HPV− patients, but no significant relationship was observed between p16 expression and survival. Whether p16 overexpression can be used to predict prognosis in LSCC remains controversial. Recent reports suggest that p16 is not a reliable predictor of prognosis in LSCC. Young et al. analyzed the clinical outcome of patients with LSCC stratified on the basis of p16 expression and concluded that there was no survival advantage among p16+ patients [31] . Consistent with most of the previous findings, our study suggests that HPV infection status is a more reliable surrogate marker than p16 for predicting survival in patients with LSCC. On the basis of the above results, we further investigated HPV infection status and its relation to clinical outcome. We found that the main HPV genotype in LSCC was HPV-16. Syrjänen et al. reported that HPV-16 was present in 89% of patients with HPV+ HNSCC [32] . LSCC patients with an HPV-16 single infection most frequently present at an early stage (stage I-II) with advanced node status (N1-N2). Similar results were observed for patients with HNSCC and OPSCC [33, 34] . In our study, 28 cases (21.2%) had multiple HPV infections. Patients with a single HPV infection had better survival than patients with multiple HPV infections. Little is known, however, about multiple HPV infections.
Multivariate analysis of overall survival in patients with LSCC showed that HPV was a notable factor in the RT+ group; however, HPV was less marked in the RT− group. This result was consistent with many studies demonstrating that patients with HPV+ head and neck cancer (HNC) had markedly improved survival outcomes when treated with radiation. Kimple et al. reported that HPV+ HNC cell lines were more sensitive to radiation than HPV− HNC cells in vitro and in vivo. In addition, it was suggested that increased TP53-induced apoptosis following radiation exposure plays a key role in the increased radiosensitivity of HPV+ HNC [35] . Rieckman et al. demonstrated that impaired DNA repair capacity was responsible for the increased response to radiotherapy of HPV+ cells [36] . Further studies will be necessary to investigate the role of HPV in enhancing radiosensitivity. Whether radiation alone is sufficient to treat HPV+ LSCC is unknown. Further research is necessary to take advantage of this phenomenon to develop more appropriate therapeutic strategies for patients with LSCC.
We used GEO data to investigate whether the better prognosis of HPV+ patients was related to the presence of HPV RNA. We found that HPV RNA+ patients showed a significantly better outcome than HPV RNA-patients. HPV RNA+ patients had a slightly higher survival rate than HPV DNA+ patients. However, this analysis was limited by the number of available patients. Differentially expressed genes in HPV RNA+ and HPV RNA-HNSCC were mainly enriched in the immune response biological process (Fig. 4) . This was consist with many studies showing that HPV RNA+ was the main factor for prognosis [37] .
There are several limitations of our study. Neither the physical status of HPV DNA (integrated vs. episomal) nor the transcriptional activity of E6/E7 oncogenes was examined. Vojtechova et al. reported that both integrated and episomal HPV was associated with a significantly better prognosis compared with HPV− cases of OPSCC [38] . HPV DNA alone is not sufficient to claim causality in LSCC. Indeed, determining HPV causality in LSCC has become a tremendous challenge for researchers. HPV RNA expression is regarded as a reliable biomarker to identify LSCC with active HPV-16 involvement. PCR-based assays are highly sensitive, and an HPV DNA+ finding can be caused not only because of HPVdriven carcinogenesis but also because a non-transforming infection may have been identified in the tumor or neighboring tissue. Some researchers choose p16 or pRB as a surrogate marker to identify tumors with active HPV expression; however, p16 IHC has insufficient sensitivity and specificity. Holzinger et al. found that 22% of HPV RNA+ OPSCC samples were p16−. In addition, among 14-21% of HPV− samples, the expression levels of p16 were upregulated with no evidence of an HPV-16 transforming infection [39] . In our study, we 
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